UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDCGET ACTIVITY: 2 PROCGRAM ELEMENT: 0602234N
PROGRAM ELEMENT TI TLE: MATERI ALS, ELECTRONI CS, AND COWMPUTER TECHNOLOGY

(U COsT: (Dollars in Thousands)

PROJECT FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
NUMBER & ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE PROGRAM

Materials, Electronics, and Conputer Technol ogy
76, 194 87, 698 77,957 82, 631 83, 951 86, 481 86, 246 87, 802 CONT. CONT.

A, (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON: Thi s Program El ement (PE) provides Applied Research to support al
Navy advanced weapon and pl atform system concepts and needs in the areas of materials, electronics, and conputer technol ogy.
Devel oprment al tasks address significant inprovements in ternms of affordability; performance; reliability; high assurance
conmputing; data; information and image processing; distributed collaborative network concepts; real-tine conputing;

envi ronnental inpact; and advanced distributed manufacturing to effect transition of advanced technology to the Navy fl eet.
Devel oprment efforts are part of an integrated Department of Navy Sci ence and Technol ogy process managed by the O fice of Nava
Resear ch.

(U This PE devel ops enabling technol ogies to support nost Joint M ssion Areas, including:

e (U Strike: advanced thernal nanagenent materials for nost platfornms to reduce wei ght and cost.

* (U Littoral Warfare: acoustic signature reducing materials, torpedo warhead materials, vacuumelectronics, solid
state |l ow noise anplifiers, network centric software, and high assurance conputing, imge and infornmation processing
and human conputer interfaces.

* (U Joint Surveillance: real-time targeting, connectivity, counter-jamring and deception, infrared sensors, broadband
control conponents, fiber optics technol ogy, high assurance conputing, and network centric software.

* (U Space and Electronics Warfare/lntelligence (SEWI): lightweight and radiation-hard satellite materials, radio
frequency (RF) solid state devices, high assurance conputing, network centric software i mage and information
processing and distributed col | aborative groupware.

* (U Strategic Deterrence: advanced ballistic missile launcher materials, RF solid-state devices for secure
conmuni cati ons.
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* (U Forward Presence issues: high tenperature pavenments for advanced aircraft, materials for condition based
mai nt enance, RF solid state devices for secure conmunications, high power transmitters for precision strike, high

assurance conputing, and network centric software and decision aids.

e (U Strategic Mbility: devel opment of advanced distributed manufacturing capabilities and advanced long-life

materials for repair of aircraft at sea, ultralight materials.

* (U Land Attack Warfare: Common Tactical Picture (CTP), information exploitation and distribution, Fire Support
Pl anni ng and Coordi nati on, Weapon-Target Pairing, air and ground deconfliction and seamnl ess Force coordination across

C2 Command echelons and Warfare Commander’s Forces who operate in both non-real-time and real-time regimes.

(V) In addition, this PE directly underpins the Readiness Joint Support Area and Support and Infrastructure Joint Support
Area especially in the domains of affordability, environmental quality, and logistics. Programs include environmentally
acceptable coatings for both aircraft and ships and the maintenance of the Navy pier and wharf infrastructure for surge
capacity. This PE also contributes to lower system life-cycle costs through development of technologies that realize more
compact, lighter weight electronic components, and reduction of cost, schedule and operational manpower in computer-centric
systems.

(U) This PE supports the Office of the Secretary of Defense (OSD) Science and Technology (S&T) Investment Strategy in the
following Future Joint Warfighting Capabilities: Real-Time Knowledge of the Enemy, Prompt Engagement of Regional Forces on
Global Basis, Lower-End Actions, Space Control, and Countering Threat of Weapons of Mass Destruction; materials projects
support affordable performance increases in radomes, infrared windows, advanced engines, and platform signature reduction to
allow achievement of military objectives with minimum casualties and collateral damage; materials programs directly support
lightweight, survivable satellite and spacecraft thermal control materials to positively affect the U.S. ability to control
space usage. The PE is an integral part of the following Department of Defense (DoD) Technology Areas: Materials and
Processes, Electronics, and Information Systems Technology. As a foundation technology area it has impact in most other DoD
technology areas as well.

(U) Due to the sheer volume of efforts included in the PE, the programs described in the Accomplishments and Plans
sections are representative selections of the work included in the program.
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(U The Navy S&T programincludes projects that focus on or have attributes that enhance the affordability of warfighting
systens.

(U) JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because it

i nvestigates technol ogi cal advances with possible applications towards solution of specific Naval problenms, short of a mgjor
devel opnental effort.

(U PROGRAM ACCOVPLI SHVENTS AND PLANS:
1. (U) FY 1998 ACCOMPLI SHVENTS:

e (U (9%988) SHORE FACI LI TIES MATERI ALS. Shore Facilities Materials provides technology for the structure of piers,
wharves, Naval/Marine Air Station runways, and other facilities required by naval |ogistics and operations, such as
magazi nes and tank farnms. The work is focused on denonstrating affordable materials to increase the life and reduce
mai nt enance costs of such facilities.

- (U Two corrosion denponstration test articles have been fabricated and installed for evaluation. A half-scale
deck specimen utilizing two |ayers of corrosion resistant dual -phase steel was installed at Port Huenene, California.
A prototype cathodic protection system prepared by an inpressed current flame sprayed titani um process, was
installed on a 900 square foot section of reinforced concrete at SUBASE San Di ego pier 5002 for experinental

eval uation. These innovations have the potential to substantially increase the time between repairs and reduce
costs.

- (U Mjor structural -conmposite speci mens were obtai ned and are being subjected to accelerate aging tests, which

wi Il produce the effects of two decades exposure in two years. This new procedure will permt the rapid convergence
to new long life cost effective materi al s.

. (U (%$10,049) Al RBORNE MATERI ALS. (Includes Congressional plus-up, for Second Source Carbon Fibers and Resin
Transfer Mol ding) Airborne Materials provides technology for naval aircraft, including airfranes, propulsion, and
air weaponry. It is focused on those material issues associated with carrier |andings, corrosion and affordability.

- Denonstrated single crystal/powder netal insertable bladed disk systemmaterials for 1200° F conpressors and
1450° F turbines. Subscale conponents such as a disk were successfully fabricat ed.
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- (V) Denobnstrated a process for low volatile organic (340 gramliter) high solids self-primng topcoats for
aircraft ground support equi pnment and identified procedures for reduci ng carbon dioxi de generation. This devel opnent
hel ps the Navy to respond to Environnental Protection Agency (EPA) restrictions on volatile organic conpound content
of paints.

- (U Quantified the benefits of cyanate ester adhesives for rapid curing aircraft repairs. This reduces

mai nt enance costs.

- (U) Designed sensor systems for condition-based maintenance nonitoring of aircraft corrosion and health of
corrosion preventive coatings. This provides needed technol ogy for Navy inplenentati on of condition based

mai nt enance.

- (U Denonstrated casting technology for |arge ganma-titani um aluminide structures with 150°F creep capability for

first generation materials. This will lead to increased thrust-to-weight in Naval gas turbine engines.

- (U Novel low thermal conductivity thermal barrier materials were denonstrated and directions for further
devel opment identified. The materials will result in enhanced life-tinmes and perfornance for Naval gas turbine
engi nes.

. (U ($13,186) SEABORNE MATERI ALS. (Includes Congressional plus-ups for Advanced Intelligent Materials Processing
(Center, Titani um Powder Processing, Conposite Submarine Shelter). Seaborne Materials provides technol ogy for al
ship, submarine, and related nmaterials needs, including hull materials, machinery materials, coatings of all types,
and seaborne weapons materials. This work provides the enabling capabilities for reduced cost and nmai ntenance,

i nproved perfornmance, and reliabl e operations.

- (VU Refornulated both silicone-alkyd and acrylic-latex Infrared (IR) reflective coatings using alternative

pi gments to BASF bl ack pi gnent which has seen a ten-fold increase in price being charged to the Navy.

- (V) Devel oped spray forming procedure for making 50%r-50% N alloy for incinerator applications to reduce the
cost of alloy liners for VORTEX shi pboard waste incinerators by $14,000 per |iner.

- (V) Designed new M L-100S welding wire to mininize costly preheat and elim nate hydrogen cracking for nore

af fordabl e and reliable ship and submarine construction with advanced hi gh strength steels.

- (U Explored strength, fracture, and wel dability characteristics of non-magnetic alloys for ship hull structures
wi th reduced signature.

- (U) Determined ballistic resistance of glass reinforced pol yurethane as candi date |ightwei ght, non-nmagnetic
material for construction of ships with reduced signature.

- (U Expl ored advanced composites for submarine storage capsul e applications.
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- (U Investigated self-canning of powder conponents via selective |aser sintering of the surface.
- (U Continued devel opnent and expl oration of the plasma quench process to produce | ow cost titani um powder.

. (U (%$2,022) M SSILE/ SPACE MATERI ALS. M ssil e/ Space Materials provides technology for tactical ballistic missile
needs, including thermal managenent materials for power generation and protection, and spacecraft thernmal straps and
doublers. Wile this effort focuses on problenms associated with naval systens, it is jointly planned and
coordinated with Arnmy, Air Force and Defense Advance Research Project Agency (DARPA) efforts.

- (U) Feasibility of two alternative heat shield materials with ablation and insul ation performance equival ent to
state-of-the art rayon-base materials using blends of |ow cost carbon fibers was denonstrated. These are potenti al
repl acenents for out-of-production heat shield materials.

- (V) Devel oped cost effective fabrication processes for ceranm c conposites based on haf ni um and/ or tantal um
materials. This will lead to better engi ne perfornmance and reduced cost in Naval missile systens.

- (U Denonstrated the benefits of heat shield replacenent materials that enphasize | ower cost tape w apped
fabrication techniques. This offers | ow cost replacenent candi date for out-of-production heat shield materials.

- (U) Devel oped | ow cost fabrication methods for ceramic materials for applications such as rocket nozzles.

- (U A processing technique for inparting high tenperature strength to sapphire IR transparenci es while naintaining
excel l ent optical quality was denonstrated. Di anmond and enhanced sapphire domes and wi ndows will increase the
attainable velocity of air to air and Theater Air Defense (THAD) nissiles, which will result in inproved lethality
and survivability.

. (U) (%$8,661) MILTI-M SSI ON MATERI ALS. (I ncl udes Congressional plus-ups for photomagnetic materials and Terfenol - D)
Multi-m ssion materials provides devel opi ng technol ogi es for pronising naval applications such as bi onol ecul ar
materials for antifouling coatings on ships. It also supports materials technol ogies for naval systems across a
broad spectrum such as | aser eye and sensor protection as well as sensor/transducer materials for sonar and
conditi on based mai nt enance applicati ons.

- (U Tubul e-based materials for controlled rel ease-coating applications were devel oped and transitioned to

i ndustry. Such materials have the potential to control ship fouling and thus reduce fuel costs.

- (V) Denonstrated high tenperature conposites based on fluorinated and non-fluorinated phthalonitrile polyners for
hi gh tenperature application to multiple platforms. These nmaterials were shown to neet fire specifications for

shi pboard use and thus permt new ship topside stealthy designs.
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- (V) Evaluated netal -plated mcrotubules for electro-active coatings in antenna systens and denonstrated that they
meet antenna isolation requirenments. These nmaterials were shown to be nore cost effective and are schedul ed for
testing for fleetinsertion on the EAGER

- (U Nanostructured WO/ Co, YSZ, and oxide conposite hard coatings were successfully fabricated by thernmal spray on
steel and al um num substrates with significantly enhanced adhesi on, toughness, and wear resistance. Nanostructured
coatings will significantly reduce the cost of nmmintenance for ships, aircraft and | and vehicl es.

- (U Equi prrent was purchased and installed in order to synthesize, for the first tinme, new photonmagnetic nmaterials
and measure their properties.

- (U Injection nolding of 2-D acoustic receiver piezoelectric materials in arrays were denonstrated in diver hand
hel d sonar devices. Such devices are critical to nine detection and renoval.

. (U ($7,665) RF SOLI D STATE DEVI CES AND CONTROL COVPONENTS. Provides for the generation, radiation, reception,
control and processing of Utra H gh Frequency (UHF), Very Hi gh Frequency (VHF), Mcrowave (MN, and MIIlinmeter Wave
(MWY power for Navy all-weather radar, surveillance, reconnaissance, electronic warfare (EW, conmunications, and
smart weapons systenms. The technol ogy devel oped cannot be obtai ned through Conmercial Of the Shelf (COTS) as a
result of the requirenments placed on power, frequency, linearity, bandw dth, weight, and size. Beginning in fisca
year 1998 the M croel ectronics thrust has been nerged with RF Solid State and Control Conponents to highlight the
i ncreasing digital RF enphasis of M croel ectronics.

- (U) Demonstrated low power W-band duplexer components for Navy’s 94 GHz radar program.

- (U) Developed design for highly compact, high Q, tunable bandpass filters and oscillators for transmit/receive

(T/R) module applications.

- (U) Demonstrated InP-based heterojunction bipolar transistors for application to pulsed Ka-band phased arrays for

dual mode electronic counter measures (ECM) resistant strike weapon conformal aperture.

- (U) Demonstrated the device technology for low power, low voltage sub 500nm — 250nm Complementary Metal Oxide
Silicon (CMOS)/silicon germanium (SiGe) devices in 50nm thick Thin Film Silicon-on-Sapphire (TFSOS) for high
performance A/D converters for smart sensors/weapons, space/missile/airborne electronics, advanced stand-off weapons
and EW applications.

- (U) Continued development of the technology for low power, low voltage sub 250nm — 100nm CMQOS/silicon
germanium (SiGe) devices with T-gate structures in 50nm — 30nm thick Thin-Silicon-on-Sapphire (TPSOS) to achieve Ft,
Fmax in the range of >70 GHz — 100 GHz. These devices will allow the development of 16 — 18 bit, 2 - 50
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ki | osanpl es/sec, <1 nw A/D converter for unattended depl oyable renotely controlled sensor systems for sonar and
shal | ow wat er ASW appl i cati ons.
- (V) Denobnstrated the conmponents of a 4-bit, 10 GSPS A/ D based on 100nm m ni mum feature size CMOS TFSCS for EW and
radar applications.
- (U Continued devel opnent of anal og very l|large-scale integrated (VLSI) continuous wavelet transformcircuit for RF
emitter identification
- (U Continued to develop a 25 channel Continuous Wavel et Transformcircuit for EWsignal identification.
- (U Continued to develop p-type doping of GaN grown by Orgono-Metallic Vapor Phase Epitaxy (OWPE). This task wll
enabl e device prograns that rely on the use of p-n junctions.
- (U) Continued to optim ze the interface structure in resonant tunneling diodes grown in 6.1 Angstrom (A) materials
in order to inprove the peak-to-valley ratios and increase current densities.

* (U ($%$112,000) VACUUM ELECTRONICS. Provides for the generation and reception of MN MW/ and sub-mllineter wave
power. The technol ogy bei ng devel oped is not avail able through COTS because of the power and size requirenents.
- (U Dempnstrated el ements of an advanced design tool set for an el ectron gun/collector and helix Traveling Wave
Tubes (TWIs) inpl enentation.
- (U) Demonstrated a high-power, moderate bandwidth gyro-klystron for the Navy’s 94-GHz radar program.
- (U) Continued development of a high-duty, wideband gyro-twystron to meet the requirements of MMW radar
applications.
- (U) Evaluated noise reduction techniques for a coupled cavity TWT for ship-based illuminator applications.

¢« (U) ($3,575) E/O TECHNOLOGY. Provides for the development of IR focal plane arrays to detect targets against various
backgrounds; RF photonics technology to increase the bandwidth and reduce the size/weight of phased arrays; and IR
transmitting fibers for EW applications. The technology being developed is not available through COTS, which is
primarily focused at 1.3-1.55um whereas Navy requires electro-optic devices and components in the threat bands of
2.0-2.5, 3.5-5, and 8-12um.
- (U) Continued to develop mid IR fibers to reduce impurity loss < 0.05 dB/m and total loss< 0.3 dB/m in the 3- 5um
region with emphasis on ruggedized one-meter lengths of cabled fibers; demonstrate IR fibers for 8-12 pum region with
loss < 2 dB/m.
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Continued to devel op 256 x 256 dual band Infrared Focal Plane Array (I RFPA) with one nmi dwave and one | ongwave
band for the detection of targets in clutter.
- (U Continued to develop a 256 x 256 adaptive | RFPA with high dynami c range on-chip el ectronics to inplenment on-
chip nonuniformity correction to handl e challenging i magi ng conditions such as an aerodynanically heated done, both
hot desert and cold sky, and shadows.
- (U) Continued to develop a 128 x 128 color discrimnating | RFPA with two mi dwave bands for the detection of
m ssil es agai nst ground clutter.
- (U) Continued devel opnent of broadband, anplified photoreceiver for 6-20 GHz |inks for ECM and El ectronic Support
Measures (ESM applications.

* (U (9%$9,500) ADVANCED MULTI FUNCTI ONAL RF SYSTEM SUPPORT TECHNOLOGY. Wth the advances that are currently being nade
in electronics there exists a strong opportunity to realize nultifunctional systens that integrate the functions of
radar, EW and comunications into a pair of transnmt and receive apertures over a broad bandwi dth. It should be
noted that this programis in contrast to the Air Force (AF) and Joint Strike Fighter (JSF) prograns in that it
treats both the transmt and receive functions in separate apertures. This approach avoids the need for tine
allocation of different RF functions and therefore offers the opportunity for nore nmassive integration of RF
functions into the pair of apertures. As a result, this integrated thrust has been forned and the current program
enhanced to capitalize upon ongoing and planned applied research to develop RF solid state and photoni c devi ces.
This programis coordinated with JSF and the AF and has an oversight group with representatives from Space and
Warfare Systens Command (SPAWAR), Naval Air Systens Conmmand ( NAVAIR), Program Executive Ofice (PEO DD 21, PEO
Theater Air Defense/ Surface Conbatant (TAD/ SC), Commopn Support Aircraft (CSA), N86 and N6. Specific efforts within
this thrust include:

- (U Demonstrated a UHF hi gh power circul ator.

Continued to devel op Twystrode/ kl ystrode-conpatible field emitter arrays to reduce size of M crowave Power
Nbdule (MPM for radar and EW applicati ons.
- (U Eval uated several concepts for nultifunctional operation of fiber optic beanfornmer with one and two-di nensi ona
array.
- (U) Denpnstrated feasibility of achieving a structurally enbedded antenna array that is optically controlled over
mul ti-octaves of frequency and capable of being fed by a MV nodul ated optical fiber for use in next generation w de
area surveillance systens.
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- (U Demponstrated the feasibility of a superconducting 10 MHz bandw dth Anal og-to-Digital (A/D) converter operating
with 14 bits of dynamic range for use in next generation wi de area surveillance systens.

- (U) Devel oped the concept for a RF transmt and recei ve beanform ng network capable of RF frequency independent
beam steering over + 60 degrees from boresight using photonic technology to control an antenna array. Characterize

the performance of photonic technology components optimized for various beamforming architectures.

- (U) Designed 100 GHz logic-derived microwave synthesizer with integral beam former.

- (U) Designed low parasitic heterojunction bipolar microwave power transistor with 100 GHz Fmax and 50-200 volt

breakdown voltage.

¢« (U) ($2,255) HIGH PERFORMANCE COMPUTING (HPC). This areas supports development of software processing in embedded,
real-time, systems such as detection of targets in clutter for missiles or the extraction of unknown signals from
background. Functional areas include all-weather non-cooperative target recognition, including Identify Friend or
Foe (IFF), adaptive beam forming and control, advance discrimination, sensor data fusion, and image compression (10x
improvement).
- (U) Demonstrated a cross-platform architecture for three dimensional (3D) Virtual Reality Environment that
interacts with multiple displays.
- (U) Demonstrated a robust embedded algorithm which enables Regionally Partitioned Lossy/Lossless Image Compression,
including a Feature Based Compression scheme, enabling region of interest target identification” for automatic target
cueing.
- (U) Modified the COTS software package, Private Eye to enable multichannel segmentation (including: two spatial,
two spatial and time, ladar range and intensity) to allow fusing of information across multispectral IR bands with
applications in the area of motion analysis and image registration.
- (U) Demonstrated version 1 of the Systems of Systems development software which includes compression and automatic
processing for possible retargeting applications.
- (U) Demonstrated a robust software application suitable for preventing network traffic analysis attacks on Navy
SIPRNET and commercial Internet communications.

e (U)($2,708) ARTIFICIAL INTELLIGENCE AND HUMAN COMPUTER INTERACTION (AI/HCI). This area supports the development of
generic technologies for a large number of application and mission areas that require reasoning under uncertainty
(incomplete information, erroneous information, etc), sometimes in unprecedented situations. These are extremely

R-1 Line Item 10

UNCLASSIFIED

Budget Item Justification
(Exhibit R-2, Page 9 of 22)



UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDCGET ACTIVITY: 2 PROCGRAM ELEMENT: 0602234N
PROGRAM ELEMENT TI TLE: MATERI ALS, ELECTRONI CS, AND COWMPUTER TECHNOLOGY

critical to decision making, training, diagnostics, human-conputer interaction, and robot control applications and
functions.

- (U Dempnstrated a Java-based case-based reasoning tool for solving interactive decision aids tasks. Integrated the
Java- based case-based reasoning tool with another tool, PARKA, to support dialogue inferencing;, nodified the tool to
solve crisis response tasks and applied the tool to a United States Marine Corps (USMC) recruiter training task.

* (U ($%$4,585) ENG NEERI NG OF COWPLEX SYSTEMS (ECS). This area supports the devel opment of a set of tools that wll
support the evaluation and assessnent of |arge, conplex systenms Including (1) an integrated neasurenent and
instrumentation framework for reliability, metrics identification and validation, and perfornmance nodeling at the
conponent and systemlevel, and (2) a consistent franework for requirenents specification, design capture, design
optim zation and system specification and assessment.

- (U) Denpbnstrated the Engi neering of Conplex Systens toolset and transitioned to the DD-21 Program O fice (PMs-500).
These tools will be used to define the set of requirements for the DD-21 acquisition program

- (U Denopbnstrated a Portable Common Interface Set prototype (Version 2) [PClS2], enphasizing the use of COTS
conponents and standards, as a US-France wi de-area network software devel opnent system This software provides for
requirenents traceability, configuration managenent, software process support, and the | ow cost production of Defense
Information Infrastructure Conmmon Operating Environnment conpliant software. This will be used to develop coalition

war fare software.

- (U Dempnstrated a software tool that a devel oper can use to specify both timng and functional behavior in

requi rements specifications and applied the tool to the Operational Flight Program (OFP) of a Navy attack aircraft.

- (U Completed an enpirical study showi ng the effectiveness of three formal techniques--termrewiting, Binary

Deci sion Diagrans, and a constraint solver--that automatically detect serious errors (such as m ssing cases and

i nstances of ambiguity) in software specifications containing nunbers and arithnmetic. Used one of the techniques to
automatically detect over 100 instance of ambiguity in the requirenments specification of an Qperational Flight
Program of a Navy attack aircraft.

- (U) Devised several concepts for renote neasurenent of ocean wave slope. Slope information is necessary for
accurately aimng the gun on the Rapid Airborne Mne C earance System (RAM CS) anti-nine system

2. (U FY 1999 PLAN:
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e (U ($891) SHORE FACI LI TI ES MATERI ALS
- ( Determi ne the durability of conposite materials through characterization and material studies for waterfront
upgrades of reinforced concrete structures to reduce the maintenance costs and increase the lifetime of these Nava
facilities.
- (U Design test protocols and conduct tests to characterize nechanical characteristics of prestressed carbon
tendons and to quantify effects of naterial paraneters on durability of nodular hybrid conposite/concrete structura
systens for long applications in long life piers.

* (U ($7,966) Al RBORNE MATERI ALS
- (U Explore the benefits of berylliumalumnumand beryliumtitaniumalloys for aircraft applications.
- (U Demponstrate fabrication technology for conpressor outer vane/diffuser using cast ganma titani um al uni ni des.
This will result in increased performance and decreased cost in Naval aircraft engines.
- (U Conplete denpnstration of 1500°F Ni-turbine disk alloy. This will lead to increased performance (thrust-to-
wei ght) for Naval gas turbine engines.
- (U Continue devel opment of |low volatile organic (340 gramliter) self-primng topcoat for aircraft ground support
equi pment using new procedures for conpliance with EPA air quality regul ations.
- (U Explore cost effective processing routes for high strength di anond material for applications such as infrared
m ssil e dones and wi ndows.
- (U Investigate applique technology for aircraft corrosion prevention to reduce hazardous waste enerated by paint
renoval .
- (U Evaluate corrosion sensor systenms for condition based mai ntenance inplenentati on on operational aircraft.

* (U (9%18,115) SEABORNE MATERI ALS. (Includes Congressional Plus-ups for Advanced Intelligent Materials Processing
Center, H gh Tenperature Superconductors for Propul sion, and Mcronization of Materials (coal)).
- (U Explore inproved anticorrosive coatings for non-magnetic ship hulls required for stealth and m ne
count er neasur es.
- (U Explore corrosion sensors for ship ballast tanks for inplenmentation of condition based mai nt enance.
- (U ldentify naterials upgrades for long life seawater valves for life cycle cost reduction
- (U Explore guided wave ultrasonics for detecting corrosion/erosion in shipboard piping w thout renpving insulation
for inplenentation of condition based nai ntenance.
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- (U Dempnstrate sel f-canning of powder components via selective |aser sintering of the surface

- (U Explore the dynamic strength and fracture resistance of very lowinterstitial titaniumalloys for ship and
submarine application to enhance survivability.

- (U Evaluate strength, fracture, and weldability characteristics of non-magnetic stainless steel for ship hul
structures for signature reduction

- (U) Design, fabricate and test inproved fender systemusing fiber reinforced urethane conposites.

- (U Investigate fire resistance and | ow velocity inpact damage of carbon reinforced pol yurethane as candi date

i ghtwei ght, non-magnetic material for construction of ships for signature reduction

- (U Denponstrate new M L-100S wel ding wire designed to enable nore affordable and reliable welding of high strength
steels in ship and submarine construction through reducti on of preheat and elimnation of hydrogen cracking for
construction and mai nt enance cost reduction.

- (V) Develop inproved nodels of deformation and fracture of hull materials, for incorporation into conputer codes to
simul ate response of ship and submarine structural materials to underwater explosion, in cooperative program between
U.S. and Gernany.

- (U Explore advanced hydrogen managenent techniques in regard to overall enhancenent of cracking resistance in next
generation high strength steel welds for ship and submarine construction for maintenance cost reduction

(U) (%$2,763) M SSILE/ SPACE MATERI ALS. (I ncl udes Congressional Plus-up for Carbon-Carbon Materials for Reentry

Vehi cl es) .
- (U Denpnstrate fabrication technology for affordable and reliable | ow cost hybrid materials for reentry vehicle
heat shield applications. This will result in |ower cost replacenments for no-longer produced heat shield materials.
- (U) Denopbnstrate the benefits of ceramic materials for protection of propul sion conponents and ot her high tenperature
i mpi ngenment applications in terns of predictive nodels and material screening test development. This will result in
reduced cost and inproved engi ne perfornmance for Naval nissiles.
- (U Evaluate advanced ceranic materials in rocket environment. This will result in higher operating tenperatures

and greater reliability for Naval nissiles.

(U ($8,908) MILTI-M SSI ON MATERI ALS. (I ncl udes Congressional Plus-ups for Hi gh Thermal Conductivity Fibers for
Ther mal Managenent Material s).
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- (U Devel op phase one conputer programto nodel non-linear optical materials in optical linmting devices for |aser
eye protection. Such materials have the potential for frequency agile protection for Marine Corps.

- (U Demponstrate a systemand controlling software for a reliable ultrasonic tonmography that alleviates the problem
of refraction to increase the ability to rapidly inspect aging platforns.

- (U Dempnstrate inproved processing technology to reduce the cost of microtubule materials and conposites for
advance shi pboard applicati ons.

- (U ldentify critical Navy applications in weapons gui dance devices for new single crystal high strain

pi ezoel ectric crystals for mine detection and renoval .

- (U The use of nanostructured tungsten carbide cobalt (WY Co) coatings will be denonstrated by fabrication and
testing of selected prototype conponents. Devel opnent of techniques for fabrication of nanostructured ceranic and
al umi num matri x conposite coatings will be carried out. Production of nanostructured feedstock materials will be
scaled up to pilot plant capacity. This will result in maintenance cost reduction due to repair versus replacenent
for ship and submarine machi nery conponents.

« (U ($12,737) RF SCLI D STATE DEVI CE AND CONTROL COVPONENTS. (I ncludes Congressional Plus-ups for Superconducting
Wavef orm Generator and Silicon Carbide Seni conductor Mterials).
- (U) Demonstrate 80 kW W-band duplexer for Navy's 94 GHz radar program.
- (U) Develop design parameters for heterojunction varactor to be used in highly compact, high Q, tunable bandpass
filters and oscillators for T/R module applications.
- (U) Develop InGaP/GaAs heterojunction bipolar transistors for application in pulsed Ka-band phased arrays for dual
mode, ECM resistant hyper-velocity strike weapon conformal aperture.
- (U) Demonstrate the device technology for low power, low voltage sub 500nm — 250nm CMOS/SiGe with T-gate structures
in 50nm thick TFSOS. These devices, which have frequency performance (Ft, Fmax) in excess of 50 GHz, allow the
development of RF analog front end receivers, 16-bit, 125 megasamples/sec and 10-bit, 2.6 gigasamples/sec A/D
converters, for digital receivers (X-band)/EW/Communication/signal intelligence.
- (U) Demonstrate the analog portion of the very low power (<0.4 mw) high-resolution (16 — 18 bit) 2 -5
kilosamples/sec A/D converter for sonar, shallow water Anti Submarine Wafare (ASW) applications.
- (U) Demonstrate components of 16 bit, 125 megasample/sec A/D converter for application to wide bandwidth digital
ASW receiver to meet Navy multi-channel acoustic system requirements.
- (U) Develop a 25 channel Continuous Wavelet Transform circuit for EW signal identification
- (U) Develop 6.1 Angstrom (A) materials for high frequency applications.
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- (U) Develop 25 watt Gallium Nitride (GaN) X-band anplifier for high power transmtter applications

- (U) Develop galliumnitride heterojunction field effect power transistor for 6 - 18 GHz operation for next
generation E/ M power anplifiers.

* (U) ($10,000) VACUUM ELECTRONI CS.

(U) Devel op a high average power, noderate bandw dth gyro-klystron for the Navy 94-GHz radar program
- (U) Develop a 2D/ 3D electron gun and col |l ector design code for vacuum devi ces.
- (U) Develop an ultra-w de band vacuum power booster for EWapplications.
- (U) Develop a high-duty, w deband gyro-twystron to support radar and EWapplications at nillimneter-wavel engths.

* (U ($5,511) E/ O TECHNOLOGY.
- (U) Develop a 256 x 256 adaptive | RFPA
- (U) Develop optical microwave link with 50 mw out put using <2.0V Vpi external lithiumniobate nodulators at 20 GH.
- (U) Develop 3 band IR detector to enhance performance agai nst counternmeasures and stealthy targets.

- (U Develop md-1R fibers with loss < 0.2 dB/fmin the 2 - 5 pmregion and inprove fiber fabrication techniques to
achieve high tensile strength fibers. Reduce fiber defects and optinize fiber preparation to achieve power danage
threshold > 1.2 GWcnf. Devel op broadband, high damage threshold AR coatings for 2 - 5 umregion. Develop cabling
techni ques for ruggedi zed, thermally tol erant one-neter cabl es.

- (U Evaluate InAs/InGaSb growt h techniques and transfer the techniques to industry and device technol ogy prograns.

* (U (%10,500) ADVANCED MULTI FUNCTI ONAL RF SYSTEM SUPPORT TECHNOLOGY.

- (U Develop CWultra broadband (1 - 18 GHz), ultra linear (cross nodul ati on products 28 dbm bel ow fundanent al
signal) conpact anplifiers suitable for use in next generation w de area surveill ance systens.
- (U) Devel op a superconducting A/ D capable of 19 bits of dynam ¢ range over a 20 MHz spectrum for use in reducing
background clutter in littoral warfare surveillance operations.
- (U) Develop a RF transnit and receive beanforning network for the generation of sinultaneously nultiple frequency

independent RF beams capable of beamsteering over + 60 degrees from boresight on transmit and receive with control

structure that preserves a 500 MHz instantaneous RF bandwidth for each beam.

- (U) Implement concept for 100 GHz logic-derived microwave synthesizer and design integral phase and frequency
modulator for synthesizer for 1 - 5 GHz output signals.
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- (U Fabricate fromw de bandgap seni conductors and begin testing of |ow parasitic bipolar mcrowave power anplifier.

(U) (%$9,129) COMVAND AND CONTRCL AND COMVBAT SYSTEMS. Beginning in FY99, the HPC, the Al/HCI, and the ECS prograns

will be restructured into an integrated programentitled Command and Control and Conmbat Systens. This consolidation

refl ects a change in programmati c enphasis towards the direct support of Network Centric Warfare. Scientific domains

of interest include (1) dependable and hi gh assurance computing; (2) inage processing and information exploitation;

(3) visualization of the Cormbn Operational Picture (COP)/Conmon Tactical Picture (CTP) including virtual reality

environnents; (4) decision support and col |l aboration; and (5) networked engagenent and operations. The focus is on

hi gh assurance requirements specification and requirenents testing, inmage conpression and feature recognition, 3D

virtual displays, architectures to nerge Conmand and Control and Conbat Systens, and distributed software devel opnent

to support Defense Information Infrasturcture Conmon Operating Environment (DIl-COE) systens such as the d obal

Command and Control System (GCCS).

- (U Incorporate intelligent agents into 3D virtual reality architecture to control interactions and data fl ow

bet ween entities.

- (U) Develop collaborative software for conmbat system applications with allied and coalition countries |eading

towar ds interoperabl e systens.

- (U Dempnstrate the ability to fuse inage and defense terrain el evation data to produce inproved maps supporting

targeti ng and nmission planning. Apply techniques to produce image nosaics wth variable spatial resolution.
Denonstrate the feasibility of using ocean wave sl ope neasurement by renote wave sensing in the littoral region

(shal | ow water) towards inproving the RAMCS anti-nine system Devise, inplenment, and test a methodol ogy for renoval

of capillary wave distortions in airborne |idar inages of underwater m nes.

- (U) Demonstrate version 2 of the “System of Systems” software and evaluate the joint effects of compression and

noise upon data link performance. Modularize the compression algorithms, template design algorithms, and

communications channel models and perform Monte Carlo simulations to analyze the effects of compression on the

quality of the templates generated.

- (U) Demonstrate a case-based reasoning toolset and integrate it with Stanford’s INCA planner/scheduler for hazard

materials spills; Develop automated methods for a case authoring task within the toolset and integrate with other

systems to support interactive Command, Control, Communications, Computer, and Intelligence (C4l) plan authoring and

monitoring.

- (U) Design and test a prototype software tool which uses three formal techniques (term rewriting, Binary Decision

Diagrams, and a constraint solver) to automatically detect errors in software requirements specifications containing
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variables of different types (real, integer, Boolean, and enunerated); analysis of such specifications is not
feasible with current technol ogy.

- (U Demonstrate flexible techniques to significantly reduce vulnerability of Navy Internet traffic to traffic flow
analysis, making it difficult for conmercial Internet routers to deternine which Navy facilities are comunicating
with other Navy facilities via the comercial Internet infrastructure.

- (U) Develop an technical architecture that can provide the needed interfaces for achieving distributed force

coordi nati on between the command and control information grid (non real-tinme) and the Conbat System (real-tinme) grid
in support of network centric speed of conmand and force synchronization

- (U) Develop a scaleable architecture for a consistent COP/CTP that portrays a coherent visualization of the

batt| espace anong distributed decision nakers fromCINC to unit |evel

e (U (%1,178) Portion of extramural programreserved for Small Business |nnovation Research assessnent in accordance
with 15 USC 638.

3. FY 2000 Pl an:

. (U ($1,000) SHORE FACI LI TI ES MATERI ALS.
- (U Characterize long-termtine dependent system behavior and stress rupture response under sustained stress for
nodul ar hybrid conposite/concrete structural systens for long |life-1ow nmal ntenance shore facilities.
- (U) Develop concepts for application of non-destructive evaluation (NDE) technol ogies to nodul ar hybrid
conposite/concrete systens to enabl e cost effective approaches to repair.

e (U ($8,976) Al RBORNE MATERI ALS
- (U Explore turbine case fabrication technology for orthorhonbic Ti alloys. This will result in inproved
performance and |ighterweight in Naval aircraft engines.
- (U Explore feasibility of oxidation resistant Mb-Alloy w 2500°F capability. This will result in revolutionary
performance i nprovenents in Naval aircraft engines.

- (U Continue evaluation of corrosion sensors in operational aircraft for inplenentation of condition based
mai nt enance.
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- (U Evaluate corrosion prevention applique technology in operational carrier environnents to reduce hazardous
mat eri al di sposal costs.
- (U ldentify chromate and cadni um repl acement technol ogies for aircraft to conformw th EPA regul ati ons.

* (U (%10,555) SEABORNE MATERI ALS
- (U Integrate conposite and multifunctional technol ogies for reduced signature and wei ght in ship topside design
- (U) Develop innovative, nore affordable processes for inproved wel ding/joining of non-magnetic ship hull materials
to reduce signature and provi de m ne counternmeasures.
- (U Investigate non-magnetic alloys in regard to strength, fracture behavior, fabrication, and corrosion protection
for ship hull application to reduce signature.
- (U) Develop inproved fire-resistant, | ow cost conmposite material systems to enhance fire-fighting capability.
- (U) Develop prediction capability for (UNDEX) |oaded hull structural material with rupture to inprove warfighting
ability.
- (U) Continue evaluation of coatings technology for non-magnetic ship hull applications to reduce signature.
- (U Evaluate corrosion sensors in ballast tanks of operational ships to enable inplenentation of condition based
mai nt enance.
- (U Eval uate upgraded seawater valves in operational ship systens to reduce life cycle costs.
- (U Transition guided wave ultrasonics corrosion/erosion detection technology to fleet to enable inplenmentation of
condi tion based mai nt enance.

* (U ($%$1,432) M SSILE/ SPACE MATERI ALS
- (U Investigate Refractory nmetal (Hf, Ta) spraying process for fabrication of |owcost netal nozzles which wll
i ncrease performance and reduce cost in nissile engines.
- (U) Devel op oxidation nodels for ceranic systens of interest (HFC, HHW H B2) which will result in inproved
performance and reduce devel opnent costs for nissile propul sion systens.

* (U ($7,368) MILTI-M SSI ON MATERI ALS
- (U Explore new formul ati ons of phthal ocyani nes that do not show perfornmance degradation at high fluences
(energy/area) for advanced | aser eye and device protective devices.
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- (U Establish industrial fabrication processes for tubules and fornul ated conposites for transition to fleet

appl i cations.

- (U Dempnstrate the perfornmance of single crystal piezoelectrics (high sensitivity-2 Octave Bandw dth) in high
frequency ultrasonic i magi ng transducers for torpedo gui dance and m ne detection.

- (U Use of nanostructured oxide ceram c coatings will be denonstrated by fabrication and testing of selected
conponents. Techniques for fabrication of nanostructured N -based alloy coatings will be developed for nulti-nission
applications.

* (U (9%$9,789) RF SOLID STATE DEVI CE AND CONTROL COVPONENTS.
- (U) Denonstrate highly conmpact, high Q tunable notch filter for T/R nodul e applications.
- (U Demponstrate galliumnitride heterojunction field effect power transistor for 6 - 18 GHz operation for next
generation E/ M power anplifiers.
- (U) Continue the development of gallium nitride based heterojunction bipolar transistor in the 1 — 18 GHz spectrum
and connected as class B, push-pull for maximum efficiency and linearity for ultra wideband MPM applications.
- (U) Demonstrate compact varactor tuned filter for T/R module applications.
- (U) Demonstrate 25 watt GaN X-band amplifier for high power transmitter applications.
- (U) Develop a programmable time delay hybrid circuit for improving co-site interference canceller accuracy over VHF
operation bandwidth.
- (U) Demonstrate SiGe T-Gate structures with Ft, Fmax > 100 GHz and equal p/n channel MOSFET mobilities to minimize
CMOS circuit area.
- (U) Apply and transition the technology of CMOS low voltage, low power sub 250nm — 100nm SiGe with T-gate structure
in 50nm — 30nm TFSOS for the implementation (design, fabrication and demonstration) of K-band (40 GHz) low noise
analog front-end receiver functions and 4 bit, 20 gigasamples/sec A/D converters using two time-interleaved 4 bit, 10
GSPS A/D converters.
- (U) Demonstrate a 25 channel Continuous Wavelet Transform circuit for EW signal identification.

* (V) ($10,000) VACUUM ELECTRONICS.
- (U) Develop an ultra-wideband MPM for EW applications.
- (U) Develop a vacuum power booster for a 2-D array MPM for phased array applications.
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- (U) Develop an airborne conpatible gyroklyston with gridded el ectron gun for high pulse repetition frequency (PRF)
radar to provide unanbi gous doppl er at W band.
- (U) Devel op high speed design codes for coupled cavity TWIs to provide for reduced noise in Navy shipboard

i Ilum nator applications.
- (U Devel op high brightness scandate cathode in high perveance TWI to increase reliability through | ower operating

tenperature.

. (U) (%5, 867) E/ O TECHNOLOGY.
(U) Denonstrate an adaptive two color I RFPA for increased clutter and background rejection
- (U) Denopbnstrate a three color IR detector to enable discrimnation against advanced counter neasures.
- (U) Develop a small pixel color discrimnating | RFPA for wide field of view shipboard IRST and theatre nmissile
def ense interceptor applications.
- (U Optimze fiber fabrication techniques to achieve goal of 0.1 dB/fmloss in 2 - 5 pymregion and proof-test fibers

to goal of 50,000 psi for EWapplications. Reduce AR coatings reflectance to 2%in 2 - 5 umregion. |nprove optical
power damage threshold to achieve goal of 1.5 GNcnR in AR coated fibers. Develop cabling techniques for 10 mlength
cabl es which are ruggedi zed and neet system environnmental specifications.

- (U Select final approach (e.g. lateral epitaxial overgrowh or conpliant substrate) for the synthesis of |ow
defect materials for reducing the cost of infrared materials and inproving their performance.

e (U (%$12,613) ADVANCED MULTI FUNCTI ONAL RF SYSTEM SUPPCORT TECHNOLOGY. Wth the advances that are currently bei ng nade
in electronics there exists a strong opportunity to realize nultifunctional systens that integrate the functions of

radar, EW and comuni cations into a pair of transmt and receive apertures over a broad bandwi dth. It should be
noted that this programis in contrast to the Air Force (AF) and Joint Strike Fighter (JSF) programs in that it
treats both the transnmit and receive functions in separate apertures. Thi s approach avoids the need for tine

all ocation of different RF functions and therefore offers the opportunity for nore massive integration of RF
functions into the pair of apertures. As a result, this integrated thrust has been formed and the current program
enhanced to capitalize upon ongoi ng and planned applied research to develop RF solid state and photoni c devi ces.
This programis coordinated with JSF and the AF and has an oversight group with representatives from Space and
Warfare Systems Command ( SPAWAR), Naval Air Systems Command (NAVAIR), Program Executive Ofice (PEO DD 21, PEO
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Theater Air Defense/ Surface Conbatant (TAD/ SC), Common Support Aircraft (CSA), N86 and N6. Specific efforts within
this thrust include:

- (U Denpnstrate noderate power continuous wave (CW ultra broadband (1 - 18 GHz), ultra linear (cross nodul ation
products 28dbm bel ow fundanental signal) conpact anplifiers suitable for use in next generation multifunctional wide
area surveillance systens and al so suitable for use as drivers in mcrowave power nodul es.

- (U) Develop low parasitic bipolar nicrowave power amplifier for the 1 - 5 GHz spectrum

- (U Dempnstrate a 100 GHz | ogi c-derived mcrowave synthesizer for 1 - 5 GHz output (sans nodul ator)

- (U) Select final approach to A/D converter with real time adjustment of resolution vs bandwi dth and suitable for
use with advanced nultifunctional RF systens.

- (U Continue the devel opnment of a nulticonmponent nodel for antenna isolation and coupling to assess options for
m nimzing interference and self-jamng of multifunciton apertures.

« (U (%$10,357) COMMAND AND CONTROL AND COVBAT SYSTEMS.
- (U) Denpnstrate distributed software that will enable users at renpte |locations to collaborate for effective
pl anning using 3D, interactive virtual reality displays with objects having physical realism
- (U Precisely quantify inmage spatial donmain error propagation and further study the problem of feature detection in
wavel et space.
- (VU Integrate the Software Requirenents Specification tool that conbines the three decision procedures (term
rewiting, Reduced Ordered Binary Decision D agrams, and a constraint solver) into the existing toolset.
Eval uate the prototype tool as well as the TAMVE tool (which uses a mechanical prover to analyze properties of time
aut omat a nodel s) for detecting violations of application properties in tinmed requirenment specifications.
- (U) Under the ‘System of Systems’ program, demonstrate chip out technology and develop/understand transmitting the
targeting template through additional compression stages in the presence of channel noise. Introduce techniques to
optimize joint channel source encoding to maximize performance and adapt the system.
- (U) Demonstrate a distributed software infrastructure prototype development for use in integrating COTS tools
(PCIS2) by incorporating Software Process, Configuration Management, and wide-area traceability capabilities.
- (U) Continue development of interface specification and architecture merging command and control functions and
platform battle management in a secure distributed network combining non-real-time and real-time databases and
operations.
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(U) PROGRAM CHANGE SUMVARY:
FY 1998 FY 1999 FY 2000
(U) FY 1999 President’s Budget: 70,174 77,617 81,026
(V) Appropriated Value: 88,117
(U) Adjustments from FY 1999 PRESBUDG: +6,020 +10,081 -3,069
(U) FY 2000 PRESBUDG Submission: 76,194 87,698 77,957

(U) CHANGE SUMMARY EXPLANATION:

(U) Funding: The FY 1998 adjustment reflects actual update adjustments (+3,245), Small Business Innovation Research
reduction (-225) and Terfenol-D Line Item Veto Override (+3,000). FY 1999 adjustment reflects the following
Congressional additions: Materials Micronization (+4,000), Advanced Materials Intelligent Processing Center (+3,000),
High Temperature Superconductors for Propulsion (+2,000), Carbon-Carbon Materials for Reentry Vehicles (+1,500), High
Thermal Conductivity Fibers for Thermal Management Materials (+2,500), Superconducting Waveform Generator (+1,000)
and Silicon Carbide Semiconductor Materials (+3,500), Congressional Undistributed reductions (-419), and

Congressional General reduction (-7,000). FY 2000 adjustment reflects Program adjustments (-2,817), Navy Working
Capital Fund (NWCF) rate adjustment (+602), Civilian Pay Rates (+274), and Non Pay Inflation (-1,128).

(U) Schedule: The reductions in FY 2000 as noted above, preclude certain aspects of expansion, risk reduction and
early transition in the following thrust areas: Airborne Materials, Shore Facilities, and Multi-mission Materials,

RF Solid State Devices and Control Components, and Command, Control and Combat Systems. Specific areas affected
include: research in the area of integration of electrically switchable radome materials into airborne systems;

engineered lumber for pilings; new composite concrete; transitioning high performance A/D power converters to

military systems; verification and validation of software supporting Network-Centric Warfare; multi-level security

software for Navy Systems; and integration of real and non real-time Navy information systems.

(U) Technical: The thrust areas of Airborne Materials, Shore Facilities, RF Solid State Devices and Control
Components, and Command and Control and Combat Systems will see an overall decrease that will increase the
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technical and transition risk for front frane technology for aircraft engines, especially F414 in the F/ A-18E/ F;

i ncrease the technical risk for transition of engineered |unber for pilings; increase the technical risk for
transition of laser protective materials; increase the technical risk and devel opment tinme of A/D converters that
can be used for all sensor systems; increase vulnerability to intrusion and conmputer security threats for Navy
COTS based Information Systens, as well as increase the systemacquisition certification and mai ntenance costs for
Net wor k- Centric Warfare Systens.

C. (U OTHER PROGRAM FUNDI NG SUMVARY: Not appli cabl e.

(U RELATED RDT&E:
PEs 0601102A, 0601102F, 0601153N (Defense Research Sciences)
PEs 0602105A, 0602102F (Materials Technol ogy)
PEs 0602705A, 0602709A, 0602204F, 0602702F (El ectronic Devices Technol ogy)
PEs 0602783A, 0602783A, 0602202F, 0602702F, 0603728F, 0602301E, 0603226E ( Conputer Technol ogy)
PE 0602303A (M ssil e Technol ogy)
PE 0602601A (Conbat Vehicle and Autonotive Technol ogy)
PEs 0602702F, 0602232N ( Command, Control and Conmmuni cati ons)
0602786A (Logi stics Technol ogy)
PE 0602111N (Air and Surface Launched Wapons Technol ogy)
PE 0602121N ( Ship, Submarine and Logi stics Technol ogy)
PE 0602122N (Aircraft Technol ogy)
PE 0602314N (Undersea Warfare Surveillance Technol ogy)
PE 0602323N (Submari ne Technol ogy)
PE 0602270N (El ectroni c Warfare Technol ogy)

EECECEECEEECEE
1Y)
m

(U This PE adheres to Defense Technol ogy Area Plan (DTAP) and Def ense Technol ogy bjective (DTO Agreenments on
Advanced Materials, Electronics and Conputer Technology with oversight provided by the Joint Directors of Laboratories
and Joint Engineers. This PEis integrated with the 6.1 and 6.2 PE' s shown above and is fully coordinated with
efforts in DoD through Joint Director of Laboratories and Defense Task Area Pl ans activities.

D. (U FUNDI NG PROFI LE: Not applicabl e.

R-1 Line Item 10

UNCLASSIFIED

Budget Item Justification
(Exhibit R-2, Page 22 of 22)



